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Foodborne enterotoxemia and dysentery in animals have been associated with four Clostridium perfringens serotypes, namely, B, C, D, and E. Type F has been established as the causative agent of necrotic enteritis in humans (Zeissler and Rassfelt-Sternberg, 1949) , but type A is perhaps the most widely known of the group, even though it was not associated with foodborne disease in humans until 1945 (McClung, 1945) . A few years later, atypical type A strains were identified with food poisoning in humans (Hobbs et al., 1953) ; these strains were considered atypical because of the high heat resistance of their spores. Classical strains have also been found to cause food poisoning (Collee, Knowlden, and Hobbs, 1961; Hall et al., 1963) . Since foods can be processed with ionizing radiations, the resistance of C. perfringens to such radiations must be known. Midura et al. (1963) reported on the resistance of C. perfringens type A, Hobbs serotype 2, to y rays with the spores suspended in phosphate buffer. Recently Matsuyama, Thornley, and Ingram (1964) Stock cultures were maintained in modified Robertson's chopped-heart medium (Wetzler, Marshall, and Cardella, 1956 perfringens spores subjected to -y-radiation and heating at 80 or 100 C. These media were: pork-pea infusion agar (Andersen, 1951) , Tryptone-yeast extract-agar (Mossel et al., 1956) , reinforced clostridial agar (Oxoid), iron-sulfite-agar (Oxoid), and sulfite-polymyxin-sulfadiazine-agar (Angelotti et al., 1962) .
The number of viable spores was finally determined by dilution counts with the use of MillerPrickett tubes (Miller, Garrett, and Prickett, 1939) The heat resistance of spore suspensions to be used in the radiation experiments was tested by the following procedure. Samples (4-ml) of diluted spore suspensions were transferred to 5-ml ampoules which were then sealed in an oxygen flame. All of the ampoules were held in ice water prior to heat treatment. The ampoules were submerged in a thermostatically controlled bath containing water and ethylene glycol at 100 (d0.5) C. At the end of the prescribed heating time, the ampoules were rapidly transferred to ice water and then to a refrigerator (4 C). The time required for spore suspensions in the vials to reach the bath temperature was 2 min. This was determined by thermocouple measurements. The heating times were corrected for this 2-min heating period by use of the assumptions and the techniques described by Kempe (1955) . Viable-spore counts were then determined as previously described.
RESULTS AND DISCUSSION Critical morphological, cultural, and physiological characteristics of two selected strains of C. perfringens were examined before and after irradiation to establish their identity as C. perfringens type A cultures. Physiological characteristics of the cultures are given in Table 1 , and carbohydrate fermentations are given in Table 2 . No differences were evident between irradiated and nonirradiated spores on the basis of these tests. The recovery medium was found to influence the number of organisms counted as surviving exposure to heat or irradiation. Pork-pea infusion agar, reinforced clostridial agar, and Tryptone-yeast-agar gave higher counts than did sulfite-polymyxin-sulfadiazine-agar or iron-sulfite-agar, irrespective of strain of organism or severity of treatment. Tryptone-yeast extractagar was selected because fragmentation by the gas was minimal.
The data show that the log per cent of the spores surviving is linear with increasing amounts of 'y-radiation applied. Figure 1 depicts the effect of -y-radiation on the survival of strain E2 spores suspended in phosphate buffer, or in cooked-meat broth. The radiation D values for E2 spores in phosphate buffer and in cookedmeat broth were 0.23 and 0.30 Mrad, respectively. Experience with other spores, such as C. botulinum, has indicated greater radiation resistance in foods than in phosphate buffer (Kempe et al., 1956) . The greater radiation resistance of C. perfringens spores in cooked-meat broth suggests that a protective effect may be exerted by foods. A similar protective action of cooked-meat broth on the heat resistance of C. perfringens organisms has been previously discussed in connection with C. perfringens food poisoning (Collee et al., 1961) . Figure 2 shows the effects of y-radiation on the survival of the spores of both the classical and the atypical strains of C. perfringens. These spores were produced in Ellner's medium, sus- C. perfringens type A spores were found to be more radiation-resistant than C. botulinum type E spores, which are reported to have a D value of approximately 0.14 Mrad (Schmidt, Nank, and Lechowich, 1962) .
Spores of C. perfringens atypical type A strains are reported to have greater heat resistances than spores of classical strains (Hobbs et al., 1953) . Samples of the spore suspensions which were prepared for the irradiation studies were heated at 100 C for varying times. In phosphate buffer, spores of the classical type A strain did not survive exposure to 100 C for 15 min, whereas strain E2 survived exposure to 100 C for 2 hr in cooked-meat broth. These survival times at 100 C were in agreement with the work of Headlee (1931) and Hobbs et al. (1953) . Although spores of the atypical strain were characteristically more heat-resistant than spores of the classical strain, the data from the present investigation indicate that the radiation resistances of the spores are similar. In summary, the radiation resistances of the spores of an atypical, food-poisoning strain and of a classical strain of C. perfringens type A appear to be similar in phosphate buffer. C. perfringens spores exhibit varying resistance to y-radiation, depending upon the substrate in which they are irradiated; resistance is greater in cooked-meat broth than in phosphate buffer. Although the spores of a food-poisoning strain were found to have characteristically greater heat resistance than spores of the classical strain, they did not have greater radiation resistance. ACKNOWLEDGMENTS This investigation was aided by a predoctoral traineeship from the U.S. Public Health Service to the senior author. Irradiation facilities and technical assistance were provided through The Uni-
